Integrins mediate cell-matrix interactions which are important for organ development. In the kidney, a8 integrin is expressed during early nephrogenesis. In a8 gene-mutated mice, lack of a8 leads to unilateral or bilateral renal agenesis in part of the animals. We investigated surviving animals with one or two kidneys. These mice had significantly reduced renal mass and displayed higher blood pressure compared with the wild-type. Furthermore, most of them revealed urine concentration defects. Many a8-deficient mice also exhibited segmental malformations of the kidney with collapse or atrophy of tubuli and interstitial cell infiltrates. These data provide further evidence that a8 has important functions in renal development.
Many integrins have been shown to be important for cell-matrix interactions during developmental processes [1] . Integrin chains a3 and a8 were found to play a major role in renal development [2, 3] . a8 integrin is induced in the mesenchyme surrounding the branching ureter tips [3] . Mice deficient for the a8 integrin chain have severe defects in ureteral branching, frequently leading to agenesis or dysgenesis of the kidney. This is due to an impaired interaction of the mesenchyme with the underlying epithelium. Many homozygous a8-deficient (a8 ÀuÀ) mice die shortly after birth because of the lack of kidneys, while others survive with a reduced renal mass [3] . We analysed the adult renal phenotype of interbreds of surviving a8 ÀuÀ mice.
Methods
All procedures performed on animals were done in accordance with guidelines of the American Physiological Society and were approved by the local government authorities (Regierung von Mittelfranken, AZ#621-2531.31-19u98). Male homozygous a8 ÀuÀ mice were kindly provided by U. Muller (Basel, Switzerland). Male C57uBl6 and 129 mice (Charles River, Sulzfeld, Germany), representing the two founder strains, were used as wild-type controls. However, as both control groups did not differ significantly in all variables tested, the data shown are from the C57uBl6 strain only. Twenty a8 ÀuÀ mice were studied with regard to the number of kidney anlagen and macroscopic renal alterations. Twelve animals per group were used for renal analyses at an age of 8 weeks when both a8 ÀuÀ and control mice had reached an average weight of 18 g.
Systolic blood pressure was measured by tail-cuff plethysmography (Visitech Systems, Apex, NC). One day before sacrifice, the mice were put in metabolic cages, and urine was collected for 24 h for measurement of total urine output. On the day of sacrifice, intra-arterial blood pressure was measured via a carotid artery catheter in conscious mice (six per group).
After overnight fixation of decapsuled kidneys in methylCarnoy solution, tissues were dehydrated and embedded in paraffin. Sections of 2 mm were cut with a Leitz SM 2000 R microtome (Leica Instruments, Nussloch, Germany) and periodic acid-Schiff (PAS) stained. The kidneys of the other six animals per group were perfusion fixed with glutaraldehyde for morphometric analysis.
Student's t-test was used to test the significance of differences between groups. A P-value -0.05 was considered significant. Values are displayed as means"standard deviation (SD).
Results
Comparable with the data of Muller et al. [3] , we found that ;50% of a8 ÀuÀ mice did not develop any kidneys and died shortly after birth. The remaining animals had developed either one or two small kidneys and had a normal life span (16.5"4.4 vs 15.8"3.9 months in control animals). Systolic blood pressure measurements revealed a tendency towards higher blood pressure in a8 ÀuÀ mice (114.4"12.3 vs 110.6"5.6 mmHg in controls). However, intraarterially measured blood pressure was significantly higher in a8 ÀuÀ mice compared with the wild-type mice (137.5"10.8 vs 110.0"3.8 mmHg in controls, P-0.05).
a8 ÀuÀ mice had a considerably higher consumption of drinking water (12.8"3.2 vs 5.1"2.0 ml per day) and greater diuresis than wild-type (6.7"1.6 vs 2.6"1.8 ml urine per day). Taken together with the fact that a8 ÀuÀ mice did not survive water deprivation for 24 h, these data argue for a defect of urine concentration in a8 ÀuÀ animals.
Of the viable a8 ÀuÀ mice, 76% had developed two small kidneys, while 11% had only one left kidney and 13% had one right kidney. Therefore, the total renal mass in a8 ÀuÀ mice was significantly lower than in wild-type controls: 6.8"0.9 mgug body weight in individuals with one kidney, 7.6"1.3 mgug body weight in animals with two kidneys, compared with 12.1"0.7 mgug body weight in wild-type controls. Fifty-six percent of all a8 ÀuÀ kidneys exhibited segmental malformations (macroscopic retraction of the cortical surface). Microscopic analysis revealed that in at least 20% of malformed kidneys, these malformations were also reflected by histological alterations. Typical features were collapse of tubuli and interstitial cell infiltrates, or in some cases dilatation and atrophy of tubuli.
Morphometric analysis of perfused kidneys revealed a shift in the relationship of cortex to medulla. While in wild-type mice the cortical volume fraction was 67.7"1.5% and the medullary volume fraction was 32.3"1.5%, in a8 ÀuÀ mice the cortical volume fraction was significantly increased to 70.7"1.9%, with the medullary volume fraction being reduced to 29.3"1.9% (P-0.05 between a8 ÀuÀ and wild-type mice).
Discussion
Our data provide further evidence that a8 integrin is important for normal development of the kidney. Even in a8 ÀuÀ animals which had overcome the defective epithelial-mesenchymal interactions during early renal development, some morphological alterations and physiological defects were present. The reduced kidney mass in a8 ÀuÀ mice suggests that limitations in nephron development may lead to a decreased nephron number. This could be due to persisting problems in epithelial-mesenchymal interactions during ureteral branching. Similarly, variable defects in kidney development were described for the human Kallmann syndrome I. The gene affected in this disease shares homology with adhesion molecules (reviewed in [4] ). Defects in nephronogenesis could also play a role in the observed segmental malformations of renal tissue in a8 ÀuÀ mice. On the other hand, these alterations could also reflect defects in the formation of vascular structures in the kidney.
The cause of the decreased ability of the a8 ÀuÀ mice to concentrate urine presently is under investigation. Since the a8 ÀuÀ animals have a smaller medullary volume fraction than wild-type, it is conceivable that elongation of nephrons during development could be impaired. Shorter nephrons could lead to the observed concentration defects.
a8 ÀuÀ mice exhibited elevated blood pressure only when measured intra-arterially. The prolonged warming of the animals which is necessary for tail-cuff readings may have lowered the blood pressure artefactually. On the other hand, we cannot exclude the possibility that a8 ÀuÀ mice may be more sensitive to the stress during intra-arterial recordings. However, in view of the lower kidney mass and the segmental (possibly hypoperfused) kidney defects, it is possible that mild renal hypertension is present in a8 ÀuÀ mice.
We [5] and others [6] have shown before that in the adult kidney, a8 is expressed in glomerular mesangial cells and vascular smooth muscle cells. Histological analysis did not reveal obvious structural abnormalities of the glomeruli and renal vessel walls of a8 ÀuÀ mice. Ultrastructural evaluation and morphometric analysis of kidney tissue presently is in progress. Furthermore, induction of renal diseases leading to an increase of glomerular stress in a8 ÀuÀ mice should help to explore further the significance of a8 integrin for the integrity of glomerular structure and function.
